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Abstract. 2-D seismic data from the top and the western
slope of Mergui Ridge in water depths between 300 and
2200m off the Thai west coast have been investigated in or-
der to identify mass transport deposits (MTDs) and evalu-
ate the tsunamigenic potential of submarine landslides in this
outer shelf area. Based on our newly collected data, 17 mass
transportdepositshavebeenidentiﬁed.Minimumvolumesof
individual MTDs range between 0.3km3 and 14km3. Land-
slide deposits have been identiﬁed in three different settings:
(i) stacked MTDs within disturbed and faulted basin sedi-
ments at the transition of the East Andaman Basin to the
Mergui Ridge; (ii) MTDs within a pile of drift sediments
at the basin-ridge transition; and (iii) MTDs near the edge
of/on top of Mergui Ridge in relatively shallow water depths
(< 1000m). Our data indicate that the Mergui Ridge slope
area seems to have been generally unstable with repeated oc-
currence of slide events. We ﬁnd that the most likely causes
for slope instabilities may be the presence of unstable drift
sediments, excess pore pressure, and active tectonics. Most
MTDs are located in large water depths (> 1000m) and/or
comprise small volumes suggesting a small tsunami poten-
tial. Moreover, the recurrence rates of failure events seem to
be low. Some MTDs with tsunami potential, however, have
been identiﬁed on top of Mergui Ridge. Mass-wasting events
that may occur in the future at similar locations may trig-
ger tsunamis if they comprise sufﬁcient volumes. Landslide
tsunamis, emerging from slope failures in the working area
and affecting western Thailand coastal areas therefore cannot
be excluded, though the probability is very small compared
to the probability of earthquake-triggered tsunamis, arising
from the Sunda Trench.
1 Introduction
The extremely catastrophic tsunamis of December 2004 in
the SE Indian Ocean and March 2011 in Japan, as well as
many other incidents (NGDC/WDC Global Tsunami Event
Database, 2012), show that tsunamis pose a major threat
to low-lying coastal areas. Ocean-wide tsunamis are pre-
dominantly triggered by earthquakes, but submarine land-
slides are also known for their potential to trigger regional
tsunamis of signiﬁcant wave heights (Ward, 2001; Harb-
itz et al., 2006). A well-studied prehistoric example of a
landslide-triggered tsunami is the Storegga Slide offshore
Norway (Jansen et al., 1987; Dawson et al., 1988; Bonde-
vik et al., 1997, 2005). Tsunami deposits associated with the
Storegga Slide were reported from Iceland, Norway, Scot-
land and the Shetland Islands with run-up heights exceed-
ing 20m in places (Bondevik et al., 2003). Moreover, sev-
eral recent examples for locally destructive tsunami haz-
ards were associated with submarine landslides, such as the
Grand Banks tsunami (1929, Canada) that killed 28 people
(Hasegawa and Kanamori, 1987; Piper et al., 1999; Fine et
al., 2005), a tsunami at Skagway Harbor (1994, Alaska) with
one casualty (Kulikov et al., 1996) and the Sissano or Aitape
tsunami (1998, Papua New Guinea) causing about 2000 fa-
talities (Tappin, 1999; Tappin et al., 2001; Matsumoto and
Tappin, 2003). Extensive research and modeling of landslide
tsunami generation has been undertaken (Ward, 2001; Harb-
itz et al., 2006; Grilli et al., 2009; Weiss et al., 2009). How-
ever, early warning of landslide tsunami hazards is difﬁcult
due to the fact that seismological (Lomax et al., 2007) or
GPS (Blewitt et al., 2006; Sobolev et al., 2007) techniques,
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applicable to earthquake induced tsunamis, are not useful
to detect landslide-generated tsunamis due to the compara-
bly small amount of seismic energy release and long-period-
signal of submarine landslides (Brune et al., 2009, 2010).
Moreover, the time lag between sediment failure and tsunami
arrival at the coast in the near ﬁeld of a submarine landslide
might be too small to forewarn and evacuate endangered re-
gions (Biscontin et al., 2004).
It is therefore important to gain thorough knowledge on
current stability of the continental slope for individual areas,
in order to estimate frequencies and dimensions of failures
and rate probability of future failures. This in turn can be
used to assess tsunami risk and preparedness for correspond-
ing coastal areas, such as the Thai Andaman Sea coast. The
vicinity of this coast to the seismically highly active Sunda
Trench (NGDC, Global Signiﬁcant Earthquake Database,
2012) makes the area vulnerable to tsunamis. The geolog-
ical record reveals recurrent tsunami events of destructive
dimensions that struck the Thai west coast (Jankaew et al.,
2008; Fujino et al., 2009). A potentially unstable continental
slopeofftheThaicoastmayposeanadditionalriskfromsub-
marine landslides, whether co-seismically triggered or trig-
gered by other factors, provided that these failures would be
of tsunamigenic dimensions. Assessing this risk is the central
task of the MASS-project (Morphodynamics and Slope Sta-
bility of the Andaman Sea Shelf Break) in the frame of the
Thai-German cooperation TRIAS (Tracing Tsunami impacts
on- and offshore in the Andaman Sea Region).
Bathymetric and sub-bottom proﬁler data were obtained
during the ﬁrst project phases MASS I and MASS II. Jin-
tasaeranee et al. (2012) identiﬁed possible slumping areas,
though these landslides are considered to be too small for
having triggered a signiﬁcant tsunami in the recent past. Jin-
tasaeranee et al. (2012), however, did not investigate older
slope failures. New seismic data were collected during the
MASS III research cruise in January 2011. These data are
used in this study to trace landslide-related features in the
subsurface in order to (1) identify areas that show indications
of previous slope failure, (2) estimate volumes/dimensions
of slides, (3) determine pre-conditioning and trigger mech-
anisms, and (4) assess the tsunamigenic potential of the de-
tected landslides. The terms “landslide” and/or “mass trans-
port deposit (MTD)” are used in this paper in a broad sense,
denoting all types of gravitational mass wasting products, ir-
respective of the process.
2 Regional setting
The study area is situated at the western outer Sunda shelf
in the southeastern part of the Andaman Sea backarc-basin,
about 250km off Phuket (Fig. 1). A basement high, the Mer-
gui Ridge, forms the outer shelf break, where water depths
increase from 300 to 2200m in the working area. The Mer-
gui Ridge separates two adjacent basins, the East Andaman
Fig. 1. (a) Bathymetric map and structural framework of the An-
daman Sea area. The structural elements are modiﬁed from Cur-
ray (2005). Black continuous lines mark fault traces of the main
fault systems: SFS: Sagaing Fault System; WAF: West Andaman
Fault; RF: Ranong Fault; SF: Sumatra Fault System; GOM: Gulf
of Martaban; MC: Martaban Canyon; SC: Modern spreading cen-
tre; CAB: Central Andaman Basin; EAB: East Andaman Basin;
MR: Mergui Ridge; MB/NSB: Mergui Basin/North Sumatra Basin;
DB: Dreadnought Bank. The bathymetry has been reproduced from
GEBCO. (b) Close-up of the working area, situated in the west-
ern ﬂank of Mergui Ridge. The red lines mark seismic lines of
MASS III cruise. The black lines denote fault systems, modiﬁed af-
ter Curray (2005), Morley et al. (2011) and Polachan (1988). MFZ:
Mergui Fault Zone (modiﬁed after Curray, 2005 and Morley et al.,
2011. EAFZ: East Andaman Fault Zone (from Polachan, 1988).
DB: Dreadnought Bank. EAB: East Andaman Basin. The grey ar-
row shows the approximate position of a monsoonal gyre that in-
duces currents in deeper parts of the water column (modiﬁed after
Varkey et al., 1996). The purple dot shows the position of a sedi-
ment core discussed by Rodolfo (1969). The bathymetry has been
reproduced from SRTM30 PLUS (Becker et al., 2009).
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Basin in the west and the Mergui Basin in the east and
southeast (Fig. 1). The East Andaman Basin and the Mer-
gui Basin are elongated, approximately NNE–SSW trend-
ing, sediment ﬁlled sub-basins of the Andaman Sea, located
southwest of the Central Andaman Basin (Fig. 1, Curray,
2005). They have been described as rift basins (Hall and
Morley, 2004; Jha et al., 2010), like numerous other Ceno-
zoic basins across Sundaland (Polachan et al., 1991; Morley
et al., 2001; Morley, 2002; Hall and Morley, 2004; Doust
and Noble, 2008) and accordingly comprise a sedimenta-
tion history that is linked to typical rift stages (Doust and
Noble, 2007; Doust and Sumner, 2008; Jha et al., 2010).
The formation of the East Andaman Basin and the Mergui
Basin results from backarc-related extensional tectonics, ac-
tive throughout the area (Chakraborty and Khan, 2009; Cur-
ray, 2005). For the development of the Andaman Sea basins
multi-stage models have been suggested (Kamesh Raju et
al., 2004; Curray, 2005; Kamesh Raju, 2005; Chakraborty
and Khan, 2009). The area of rifting moved from the Mer-
gui Basin over the East Andaman Basin to its current posi-
tion (Fig. 1) during Oligocene to Pliocene, due to increas-
ingly oblique plate motions and changing convergence rates
of Indian and Sundaland plates (Curray, 2005). In the Central
Andaman Basin active sea ﬂoor spreading has occured since
4Ma (Kamesh Raju et al., 2004; Kamesh Raju, 2005; Khan
and Chakraborty, 2009). This modern spreading center links
a group of N–S striking dextral strike-slip faults (Sagaing
Fault, West Andaman Fault and Sumatra Fault, Fig. 1a). This
systemisdescribedtoaccommodatetheobliqueconvergence
of the Indian and Sundaland plates (Michel et al., 2001;
Nielsen et al., 2004a; Curray, 2005; Socquet et al., 2006;
Chakraborty and Khan, 2009).
The East Andaman Basin has been inﬂuenced by exten-
sional and also strike-slip faulting. Kishore et al. (2010) de-
scribed NE–SW trending extensional faults, truncated by N–
S trending strike slip faults. W-NW facing listric block fault-
ing at the western ﬂank of Mergui Ridge was reported by
Curray (2005). The general trend of main strike-slip faults
in the East Andaman Basin area is N–S to NE–SW (Morley
et al., 2011). The East Andaman Basin is bounded towards
the Mergui Basin by the East Andaman Fault Zone (EAFZ,
Fig. 1b), interpreted as a branch of the Sagaing Fault System
(Polachan and Racey, 1994; Jha et al., 2010). North of the
working area, the NW–SE trending strike-slip Mergui Fault
is cutting across Mergui Ridge (Fig. 1b). Recent reactivation
at this fault has been observed (Polachan and Racey, 1994).
The establishment of the Pliocene spreading center has
been given as a reason for thermal subsidence of the area
(Morley et al., 2011), which is still ongoing today (Lin et
al., 2010). Moreover, right lateral movement along strike slip
faults in the East Andaman Basin, such as the EAFZ, took
placeduringtheLateMioceneandcausedsubsidenceandthe
development of mass wasting complexes west of the Mergui
Ridge (Jha et al., 2010).
Today, the East Andaman Basin comprises a total sedi-
mentary thickness of 4600m (Curray, 2005). It is under a
shallow- to deep- water regime since the Middle to Late
Miocene (Curray, 2005; Jha, 2011) and post-rift sediments
up to 2500m thick have been deposited in this environment
since the Middle Miocene (Jha et al., 2010). Presently, the
main source for ﬁne grained terrigenous sediment in the An-
daman Sea is the Ayeyarwady-Salween river-system (Fig. 1a,
Rodolfo, 1969; Colin et al., 1999). An enormous quantity of
sediment is shed into the Andaman Sea (364MTa−1, Robin-
son et al., 2007), and a fraction of it reaches the deeper basins
of the Andaman Sea via the Martaban Canyon (Fig. 1; Rao
et al., 2005; Ramaswamy et al., 2004). An additional source
of terrigenous input in the southern part of the Andaman Sea
is the Malacca Strait (Fig. 1), delivering ﬁne grained terrige-
nous detritus to the deeper parts of the Andaman Sea basins
(Keller and Richards, 1967). Transport or deposition of ter-
rigenous sediments on the outer shelf areas along Myanmar
and the Thai-Malay peninsula (Sunda shelf, Fig. 1a), be-
tween the Ayeyarwady mouth and Mergui Ridge (Fig. 1a),
is not important; these areas are described to be sediment
starved (Rao et al., 2005; Ramaswamy et al., 2004; Panchang
et al., 2008; Rodolfo, 1969), whereas the adjacent East An-
daman Basin is one of the main depocenters in the Andaman
Sea (Morley et al., 2011).
The recent hydrographic regime of the Andaman Sea is
dominated by the Asian Monsoon, leading to seasonal rever-
sal of upper ocean circulation directions (Wyrtki, 1961). Dur-
ing Northeast Monsoon (December–March) the circulation
is cyclonic, whereas during Southwestern Monsoon (June–
September) anticyclonic circulation prevails (Rao et al.,
2005). Seasonal upwelling (Wirtky, 1961; Buranapratheprat
et al., 2010) and lowered salinity in the surface waters due to
freshwater discharge during SW Monsoon (Wirtky, 1961) are
consequences of the monsoonal inﬂuence on the area. Circu-
lation in greater water depths is affected as well. A steady,
seasonal gyre is reported (Varkey et al., 1996) to be located
slightly northwest of the working area (Fig. 1b). Lateral ex-
change with Indian Ocean water masses occurs at sills in
the Andaman-Nicobar Ridge (Fig. 1, Wyrtki, 1961). They
comprise maximum depths of around 1800m. Below 1800m
exchange is restricted (Rodolfo, 1969; Dutta et al., 2007).
However, a very uniform well mixed water mass is present
in the deepest parts throughout the Andaman Sea (Varkey et
al., 1996; Dutta et al., 2007). This implies vigorous vertical
mixing (Dutta et al., 2007) with renewal times of about 6yr
(Okubo et al., 2004). Dutta et al. (2007) suggest that internal
waves, creating turbulence over irregular topography, may be
responsible for this mixing process. Large amplitude inter-
nal waves have indeed been reported to occur repeatedly in
the Andaman Sea (Osborne and Burch, 1980; Nielsen et al.,
2004b; Hyder et al., 2005; Vlasenko and Alpers, 2005). They
are described to be created by tidal currents near the shal-
low sills of the Andaman and Nicobar island arc from where
they travel eastward across the Andaman sea, propagating at
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Table 1. Measured properties of identiﬁed MTDs in the working area.
MTD Interpolated Maximum Approx Depth of shallowest
areal extent thickness of volume of point from
(km2) MTD (m) MTD (km3) surface (m)
A1 70 56 1.3 1130
A2 27 36 0.3 1280
A3 33 55 0.8 1350
A4 69 166 3.0 1210
B1 24 91 1.0 1850
B2 10 46 0.3 1950
B3 43 135 3.0 1570
B4 53 150 3.4 1710
B5 27 125 1.5 2020
C1 23 76 0.7 1480
C2 46 89 2.6 1420
C3 45 90 2.1 1550
C4 32 62 1.0 1530
C5 22 72 1.0 1560
D1 40 75 0.9 880
D2 33 234 4.0 830
D3 585 62 14.0 640
density interfaces (Vlasenko and Alpers, 2005); over shal-
lowing ground they may break and form turbulence (Os-
bourne and Burch, 1980; Hyder et al., 2005; Vlasenko and
Stashuk,2007).Scatteringofaninternalwaveandcreationof
secondary internal waves has been reported from the south-
ern tip of Mergui Ridge (Dreadnought Bank, Vlasenko and
Alpers, 2005).
3 Dataset and methods
A total of 39 seismic reﬂection lines were collected at the
transition Mergui Basin-Mergui Ridge-East Andaman Basin
within the Thai exclusive economic zone in ESE–WNW
and N–S directions during cruise MASS III from 11 Jan-
uary 2011 to 24 January 2011 (Fig. 1b). The total length
of acquired seismic lines is about 630km and the investi-
gated area comprises approximately 5000km2. High resolu-
tion seismic reﬂection data were acquired using a micro GI-
Gun (2×0.1l) and a 150m-long 96-channel digital Geomet-
rics GeoEel streamer. The gun was operated at 120 bars and
shot every 5s resulting in a shotpoint distance of 10m at ves-
sel speeds of 4 knots. The main frequency used was 200Hz.
The streamer consisted of 12 sections with 8 channels each.
The channel distance was 1.56m. The signals were digitized
at 4kHz and converted into SEG-Y format for further pro-
cessing.
Standard processing steps were performed with Vista Seis-
mic Data Processing (GEDCO). After setup of the geometry,
common midpoint sorting and normal moveout corrections
were applied as well as bandpass frequency ﬁltering for fre-
quency contents of 25/50–600/1200kHz, stacking and time-
migration (using a constant velocity of 1500ms−1). IHS
Kingdom Suite was used for interpretation and volumetric
calculations.
The bathymetry data set analysed in this study was ob-
tained during previous cruises MASS I and MASS II in 2006
and 2007, using a portable Seabeam 1050 multibeam echo
sounder. The system uses a frequency of 50kHz, 126 indi-
vidual beams and a swath width of up to 153◦ (Jintasaeranee
et al., 2012). Resolution of the processed bathymetric grid is
50 m.
The general architecture of the background sedimen-
tary units and the distributions and dimensions of mass
transport deposits (MTDs) were deduced from the seismic
dataset. MTDs were interpreted according to their external
geometries and internal reﬂector characteristics. Examples of
acoustic facies characteristics are given in Fig. 2. Lens- or
wedge-shaped bodies showing a chaotic to transparent seis-
micfacieswereclassiﬁedasMTDs.Precisemeasurementsof
volumes and areal extents of MTDs were not possible from
our dataset, as spacing between proﬁles is relatively large,
ranging between about 1km and 7km. Therefore, the ge-
ometries of the MTDs had to be interpolated over long dis-
tances of up to 7km. An isopach grid was calculated, based
on interpreted horizons of top and base for each MTD, using
a constant sound velocity of 1500ms−1. Subsequently, vol-
ume and areal extent was deduced from the isopach grid. Val-
ues are summarized in Table 1. The values in Table 1, how-
ever, have to be regarded only as rough estimations due to the
uncertainties mentioned above and due to the fact that the lat-
eral boundaries of the MTDs are not present in our dataset,
except for one MTD close to the sea ﬂoor, where boundaries
Nat. Hazards Earth Syst. Sci., 12, 2609–2630, 2012 www.nat-hazards-earth-syst-sci.net/12/2609/2012/J. M. Schwab et al.: Submarine mass wasting and associated tsunami risk offshore western Thailand 2613
Fig. 2. (a) Bathymetric map of the working area modiﬁed after Jintasaeranee et al. (2012). The stippled black lines mark the three deﬁned
settings in the working area: Mergui Ridge, East Andaman Basin north and East Andaman Basin south. (b) Examples of the acoustic facies
that were identiﬁed in the subsurface sediments of the northern working area, which are background sedimentary unit NB and MTDs B1–B5
and C1–C5. (c) Example of the acoustic facies of the surﬁcial sedimentary unit HU identiﬁed throughout the East Andaman Basin area.
(d) Examples of acoustic facies identiﬁed in the subsurface sediments of the southern working area, which are background sedimentary
units SB1 and SB2 and MTDs A1–A4. (e) Examples of the acoustic facies identiﬁed in the Mergui Ridge setting, which are subsurface
sedimentary units MR1 and MR2, surﬁcial unit MR3 and MTDs D1–D3.
could be deduced from the bathymetry. Therefore, the values
representminimumestimatesofindividualMTDs,andactual
volumesmightbelargerthanmappedinthisstudy.Forasim-
ple estimation of thickness of undisturbed sediment between
the individual failure events, we calculated the thickness be-
tween the top and base horizon isopach grids of consecutive
MTDs. For calculation of time intervals between the MTDs
we used a sedimentation rate of 10cmka−1. This sedimenta-
tion rate was established by Rodolfo (1969) from a sediment
core about 50km north of our working area (Fig. 1b, approx-
imately9◦000 N,95◦570 E).The resultsof thecalculations are
given in Table 2.
4 Results
The investigated area is located at the transition from the
Mergui Ridge/outer shelf area to the deep sea environment
of the East Andaman Basin, and seismic proﬁles used in this
study run across this basin-ridge transition (Figs. 1b, 2a and
3). Water depths are increasing from east (Mergui Ridge)
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Fig. 3. (a) Bathymetric map of the working area (from Jintasearanee et al., 2012) with contour lines from SRTM30 PLUS (Becker et al.,
2009). The interpretation of several morphological features, carbonate platforms, slump deposits, fault traces, as well as the positions of small
scale slumps and gas-bearing sediment are taken from Jintasaeranee et al. (2012) as well. The black continuous lines show the cruise track
and the red lines indicate the seismic proﬁles shown in this study. The grey shaded areas on the Mergui Ridge mark the areal extents of MTDs
D1–D3, the black stippled lines show the slide margins where they were interpolated. The grey dotted lines indicate positions of branches
of the EAFZ (from Polachan, 1988). (b) Close-up of the northern working area. The coloured dotted lines indicate heads (hB1–hB5 and
hC1–hC5) and toes (tC1–tC5) of individual MTDs, as mapped from the seismic data. The grey shaded areas show the extents of the Mergui
Ridge-MTDs D1–D3. (c) Close-up of the southern working area. The purple shaded area indicates the areal extent of MTD A1. The purple
dotted line indicates the slide margins where they were interpolated. The dark grey block indicates the position of a potential in-situ block
(B1, see also Fig. 5) or the slide margin north of A1. The coloured dotted lines denote the interpolated heads of MTDs A2–A4 (hA2–hA4).
to west (East Andaman Basin) from about 300m to about
2200m (Fig. 3). The western ﬂank of Mergui Ridge forms
the slope of the East Andaman Basin. Slope gradients of
the basin–ridge transition are generally lower in the southern
working area with values of about 1.5◦ (Figs. 4 and 5). To-
wards the north, slope angles at the edge of the Mergui Ridge
areconsiderablyhigher,andreach,forexampleonProﬁle14,
values around 12◦ (Fig. 6). Downslope of the ﬂank of the
Mergui Ridge, the basin area is deepening towards the north
(Fig. 3).
The bathymetric dataset reveals a very smooth seaﬂoor on
Mergui Ridge in the eastern part of the working area, except
for three pronounced morphological highs that are pinching
out from the ﬂat top of Mergui Ridge (Fig. 3). In contrast, the
sea-ﬂoor morphology is generally rough towards the western
edge of the ridge. Several slope normal channels cut the edge
of Mergui Ridge, and numerous elongated depressions run
approximately N–S to NNE–SSW (Fig. 3). Bathymetric fea-
tures that have been examined in more detail by Jintaseara-
nee et al. (2012) are marked on Fig. 3. Seismic data reveal a
smooth relief further down the slope, where sediments of the
East Andaman Basin are deposited (Figs. 6 and 7).
4.1 Background sedimentary units and their
architecture
Based on the architecture of the basin-ridge transition, we
differentiated three settings in the working area: (1) Mergui
Ridge in the western part of the working area; (2) Basin sed-
iments of the East Andaman Basin in the southern working
area; (3) Basin sediments of the East Andaman Basin in the
northern working area. The location of these three settings
and an overview on the acoustic facies of the seismic units
identiﬁed are given in Fig. 2.
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Fig. 4. (a) Seismic proﬁle MASS 04 across the basin–ridge transition Mergui Ridge-East Andaman Basin in the southern working area.
(b) Interpretation of the seismic proﬁle showing the seismic units of Mergui Ridge in the east (MR1–MR3) and those of the southern East
Andaman Basin area to the west. Faults are marked as black vertical lines. Black lines mark boundaries of seismic units. The black dashed
lines mark the positions of possible discontinuities within SB2. The red line denotes the position of the unconformity U. The colored areas
mark the position of the MTDs A1–A4. See Figs. 2 and 3 for location of proﬁle. (b) Blowup of the superﬁcial MTD A1, showing blocky
structure of the deposit. The label BSR indicates the location of a potential bottom simulating reﬂector. See text for further explanations. See
Figs. 2 and 3 for location of the proﬁle.
Table 2. Calculated minimum time intervals between slide events,
based on constant sedimentation rates of 10cmka−1 (from
Rodolfo, 1969).
Interval Maximum thickness Calculated
between of undisturbed sediment time interval
MTDs between MTDs (m) (ka)
A1–A2 94 940
A2–A3 91 910
A3–A4 119 1190
B1–B2 39 390
B2–B3 22 220
B3–B4 96 960
B4–B5 147 1470
C1–C2 47 470
C2–C3 95 950
C3–C4 37 370
C4–C5 48 480
4.1.1 Mergui Ridge
The seismic units identiﬁed in the Mergui Ridge setting are
laterally traceable on all proﬁles. We separated them into
three seismic units: MR1 shows continuous parallel reﬂec-
tors of variable amplitude (Fig. 2), and in the northern part
towards its top a reﬂection pattern of transparent patches,
alternating with chaotic high amplitude areas (Figs. 6 and
7); MR2 comprises high-amplitude, subparallel reﬂectors
(Fig. 2); MR3 is characterized by parallel reﬂectors of vari-
able amplitude with good lateral continuity (Fig. 2).
MR1 is overlying the acoustic basement at the western
ﬂankofMerguiRidge(Fig.4).Ithasawedge-shapedgeome-
try. The thinning of this unit towards the east and its reﬂector
characteristics indicate deposition in a hemipelagic environ-
ment (Figs. 4 and 5). Deformation of MR1 is caused by nu-
merous faults throughout the working area (Figs. 4–7). In the
north, a section of MR1 sediments is exposed to the seaﬂoor
(Fig. 8a), indicating a recent erosive or non-depositional
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Fig. 5. (a) Seismic proﬁles MASS 05 and MASS 06, from the southern working area. (b) Interpretation of the proﬁle, showing Mergui
Ridge seismic units MR1 and MR2 in the east and basin sedimentary units SB1, SB2 and HU in the SE. The black lines mark boundaries
of seismic units. The red line denotes the position of unconformity U. The vertical lines mark the positions of faults. The colored areas
denote the position of MTDs within the basin sediments. The black dashed line marks discontinuities within the upper unit HU, indicative of
drift deposits. B1 marks a stable block/slide margin, conﬁned by steep sidewalls, and bordered by disturbed sediment bodies of superﬁcial
deposit MTD A1; “IN” indicates an incision in the sedimentary column. See Figs. 2 and 3 for the location of the proﬁles and text for further
explanations.
environment at the western edge of Mergui Ridge. In this
area, individual blocks have been displaced and faults are
cutting through the surface. A smaller block is situated basin-
ward of these deformed MR1 sediments. A pronounced ero-
sive unconformity (U) bounds unit MR1 at its top. The un-
conformity is traceable on top of the Mergui Ridge (Figs. 4–
7). In the southern working area, unconformity U can be
tracedwestwardintotheEastAndamanBasin(Figs.4and5).
To the north, where MR1 exhibits a more transparent/chaotic
reﬂectionpatterninitsupperpart,unconformityU isdifﬁcult
to trace to the East Andaman Basin (Figs. 6 and 7). We inter-
pret the chaotic reﬂection pattern of the upper part or MR1
as depositions of slope channels as such channels are visible
in the bathymetric data of this area (Fig. 3). However, these
depositions do not extent across the edge of Mergui Ridge. In
addition, large-scale buried slope parallel channel incisions,
reaching incision depths of up to ca. 200m are identiﬁed in
places within MR1 (Figs. 6 and 7). Such slope-parallel chan-
nels are identiﬁable from the bathymetry as well (Fig. 3).
Seismic unit MR2 is overlying the acoustic basement and
unit MR1 on top of Mergui Ridge with a maximum thickness
of around 100m (Fig. 4). In places, it has an eroded irregular
top with truncated reﬂectors (Fig. 5). This indicates an ero-
sive phase between deposition of MR2 and the unit on top.
MR2 is exposed to the seaﬂoor at the edge of Mergui Ridge,
forming an irregular topography (Figs. 5 and 6). Downslope
of the edge of Mergui Ridge, eroded packages of MR2 seem
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Fig. 6. (a) Seismic proﬁle MASS 14, running across the basin-ridge transition in the northern working area, with channel-ﬁllings indicated
at the edge of Mergui Ridge. (b) Interpreted proﬁle showing Mergui Ridge units MR1–MR3 in the east and basin sediments NB and HU
in the west. The black lines mark boundaries between the seismic units. The red line denotes the position of unconformity U. The black
stippled line marks the possible upper boundary of MR1. Channel ﬁllings are present in the upper part of MR1. The reﬂectors of the upper
Mergui Ridge units (MR2 and MR3) are truncated at the edge of the ridge. At the edge of the ridge a U-shaped structure is present, indicating
an approximate slope parallel paleo-channel. The coloured areas mark the position of the stacked MTDs B1–B5 and a possible southward
continuation of MTD D2. See text for further explanations and Figs. 2 and 3 for location of the proﬁle.
to be present partially on top of the basinward continuation
of unconformity U (Fig. 4).
Seismic unit MR3 is the youngest of the Mergui Ridge
units. It is deposited on top of MR2. The thickness of this
unit varies between about 120m and 40m; it is tapering out
towards its seaward edge. Marginal valleys and mounded
structures are present at the surface within MTD3 around the
morphological highs on top of Mergui Ridge (Fig. 3).
4.1.2 East Andaman Basin South
Directly west of the Mergui Ridge lies the East Andaman
Basin, which comprises water depths between 900m and
2200m. Sediments, inﬁlling the East Andaman Basin, are
resolved in the dataset to a subsurface depth of up to about
900m. In the southern working area, we differentiate three
seismic units within these basin sediments. SB1 is the oldest
basin ﬁll unit. It exhibits a disturbed acoustic character with
reﬂectors of varying amplitude and continuity (Fig. 2). To-
wards its landward termination, the oldest basin ﬁll unit SB1
is directly overlying MR1/MR2 sediments (Figs. 4 and 5).
SB1 is overlain by SB2. SB2 shows packages of well
stratiﬁed, continuous to sub-continuous parallel reﬂectors of
weak-to-moderate amplitudes, separated by pronounced re-
ﬂectors of high amplitude (Fig. 2). Towards its upslope edge,
SB1 onlaps against MR1/MR2 and it is conﬁned by a moat
(Figs. 4 and 5). Sediment waves are a characteristic feature of
this up to 300m thick unit (Fig. 4). Narrow vertical zones of
low amplitude, crossing several reﬂectors, are evident within
SB2 (Fig. 8b). These features may represent ﬂuid migration
pathways. At one location, a possible bottom simulating re-
ﬂector (BSR) has been identiﬁed at subsurface depths around
80m (Fig. 4c). The youngest unit HU, deposited on top
of SB2, shows very regular, parallel, high-amplitude reﬂec-
tors, with amplitude strengths increasing towards the seaﬂoor
(Fig. 2). Based on its reﬂector characteristics, it is interpreted
as a hemipelagic deposit, which is undisturbed in most parts.
Sediment waves have a topographic expression in this unit
(Fig. 4). Towards the surface, a few zones with small scale
faulting are evident within HU (Fig. 8b).
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Fig. 7. (a) Slope normal seismic line MASS 23 from the basin ridge transition in the northern working area with channel ﬁllings indicated
at the edge of Mergui Ridge (b) Interpreted proﬁle, showing seismic units of Mergui Ridge in the east (MR1, MR2) and seismic units of
basin sediments in the west (HU, NB). The black lines indicate boundaries between units. The red line marks the position of unconformity
U. The black dashed line marks a possible top boundary of MR1 towards the basin. The vertical lines indicate fault positions. The colored
areas mark the stacked MTDs C1–C5 in the basin area and MTDs D1 and D2 on Mergui Ridge. See Figs. 2 and 3 for location of proﬁle and
text for further explanation.
4.1.3 East Andaman Basin North
We differentiated two seismic units within the northern basin
sediments. The lower unit (NB) onlaps the Mergui Ridge unit
MR1. Several bodies, characterized by transparent/low am-
plitude chaotic reﬂections are alternating with sediments im-
aged as high-amplitude reﬂections within NB (Figs. 6 and
7). Deformation of NB sediments is evident from numerous
normal faults, dissecting the entire basin ﬁll into blocks and
leading to a rather disturbed appearance of NB (Fig. 7).
We did not correlate the lower units in the southern work-
ing area (SB1, SB2) and the lower unit in the north (NB). No
seismic lines for direct lateral correlation are available. Al-
though these units show similar characteristics, such as high
amplitude reﬂectors alternating with low-amplitude pack-
ages, a clear correlation is not possible due to the disturbed
character of NB and the lack of an internal boundary within
NB, corresponding to the boundary between SB1 and SB2.
The older NB basin sediments in the north are overlain
by an up to 200m-thick hemipelagic unit characterized by
parallel and fairly continuous/sub-continuous reﬂectors. The
seismic character of this unit is very similar to the southern
unit HU. Hence, we assume that this unit is the same and it is
also labeled as HU (Figs. 6 and 7). HU is quite undisturbed,
in contrast to the unit NB below it. However, some faults are
cutting through HU to the surface. Along one of these faults,
the seaﬂoor is displaced by about 20m (Fig. 8c). Seaward of
this fault, the sediments show a wavy pattern (Fig. 8c). Verti-
cal transparent zones, interpreted as potential ﬂuid migration
pathways, are present in the seismic unit HU (Fig. 8c)
4.2 Distribution and dimensions of mass transport
deposits
Seventeen individual mass transport deposits (MTDs) were
identiﬁed in the three different environments described
above. Four MTDs are located in the southern basin
area (MTD A1–A4), ten MTDs in the northern part (MTD
B1–B5 and MTD C1–C5), and three MTDs on Mergui
Ridge (MTD D1–D3). The positions of the MTDs, their
boundaries and minimum areal extents, as far as they were
traceable on the dataset, are illustrated on Fig. 3. The MTDs
identiﬁed within the basin sediments (A1–A4, B1–B5, C1–
C5) are generally characterized as lens- or wedge-shaped
bodies, partially with a hummocky surface. They reveal
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Fig. 8. Possible locations of future slope failures from the Mergui Ridge setting (MASS 23), the East Andaman Basin in the southern
working area (MASS 36) and the East Andaman Basin in the northern working area. (a) Seismic proﬁle from the edge of Mergui Ridge
located slightly south of MTDs D1 and D2. Several faults, marked by black lines, cut to the surface and indicate recent deformation and
dislocation of blocks. A small slumped block may indicate that some failure already occured. (b) Proﬁle MASS 36 shows drift sediments
from the southern working area. Fluid migration pathways are imaged in these sediments as transparent narrow vertical zones (yellow
arrows). Small scale faulting and deformation of the upper sedimentary layers may indicate future failure of the drift deposits. (c) Seismic
proﬁle MASS 23 reveals numerous vertical transparent features interpreted as pathways for ﬂuids (yellow arrows), and a fault dislocating
the sea ﬂoor (green dotted line), that might act as future rupture surface. Wavy deformation of the surﬁcial sediments downslope of this fault
may indicate remobilization of the sediment. See Figs. 2 and 3 for location of proﬁles, and text for further explanations.
internal chaotic to transparent reﬂector characteristics (see
Fig. 2 for examples of acoustic facies).
4.2.1 MTDs in the southern working area (A1–A4)
Four MTDs have been identiﬁed within basin sediments of
unit SB2 and HU (A1–A4, Figs. 4 and 5) on the ﬂank of the
East Andaman Basin in the southern working area (see Fig. 2
for location). Estimated minimum volumes of these deposits
range between 0.3km3 and 3km3 (Table 1).
At or close to the seaﬂoor (Figs. 3, 4 and 5) we identi-
ﬁed several bodies with disturbed internal structure, inter-
preted as MTDs. From our dataset we cannot clearly iden-
tify if these bodies are interconnected. As they occur in close
proximity to each other and in the same stratigraphic depth,
we interpreted them to belong to one failure event. There-
fore, we include them all in MTD A1 for the volume estima-
tion. Being situated at or very close to the seaﬂoor, MTD A1
is likely one of the youngest mapped slide deposits. Within
the MTD A1, partially sub-parallel reﬂections are preserved,
indicating that movement of slide bodies caused only lim-
ited internal deformation (Fig. 4c). Individual bodies/lobes
of MTD A1 are found east and southwest of an un-mobilized
sediment block (B1 on Fig. 5). This block shows an undis-
turbed internal structure characteristic for units HU/SB2. It
is truncated by steep, about 65m–high sidewalls. Depend-
ing on the motion direction of the slides, B1 may represent
a stable in-situ block within the slide area of MTD A1, or
the margin of the slide (Fig. 3). Northeast of B1, a 700m
wide and up to 65m deep incision, marked as IN in Fig. 5,
is conﬁned by truncated sidewalls at its eastern and western
boundaries, which indicate erosion and removal of sediment.
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This structure is interpreted as an evacuated area, which was
most likely created during the failure of MTD A1. Disturbed
small sediment bodies interpreted to belong to the MTD A1
are located inside the evacuated area. Volumes of MTD A1
deposits are estimated to be ∼ 1.3km3, which then is a min-
imum estimate for MTD A1.
MTD A2, A3 and A4 are buried mass transport deposits
(Figs. 4 and 5) within seismic units HU and SB2. They are
characterizedbytransparenttochaoticinternalstructuresand
hummocky tops. The boundaries of the individual MTDs are
not easily detectable because of the overall low amplitude re-
ﬂectors of the surrounding background sediment. MTD A4 is
the largest slide body identiﬁed in the southern working area
with an estimated volume of 3.0km3 (Figs. 4 and 5, Table 1).
4.2.2 MTDs in the northern working area (B1–B5 and
C1–C5)
In the northern working area (see Fig. 2 for location), mass
transport deposits were identiﬁed in two locations within
seismic unit NB (Figs. 3, 6 and 7). In both settings, several
stacked MTDs are located at the basin-slope transition (B1–
B5 and C1–C5). Figure 3 shows positions and extents of the
deposits as mapped out based on the available data set. Fig-
ure 2 gives examples of the acoustic characteristics of these
bodies.
The seismic proﬁle in Fig. 6 shows at least ﬁve stacked
slide deposits (B1–B5), originating at or near the slope of
Mergui Ridge within background sediments of unit NB. The
volumes of the mapped parts of these deposits range from
0.3km3 to 3.4km3 (Table 1). The mapped slide bodies con-
tain patches of higher amplitude reﬂections (Fig. 6). These
reﬂections possibly result from un-deformed blocks within
the MTDs. An alternative explanation for these higher am-
plitude reﬂections may be multiple failure events. The high
amplitude reﬂectors may then represent boundaries between
individual events. Several smaller MTDs are present in the
vicinity of Mergui Ridge, predominantly in unit HU, but
also in the deeper parts of the basin sedimentary succession
(Fig. 6).
The MTDs C1–C5 (Fig. 7) are located within the same
basin-slope transition setting as MTDs B1–B5 and they are
also stacked slide deposits, but their thicknesses are smaller
than those of B1–B5 (Table 1). It is also difﬁcult to determine
individual slide bodies at this location, because the back-
ground sediment in this part of the basin is generally dis-
turbed and exhibits widespread irregular reﬂector character-
istics. Hence, only chaotic to transparent areas without trace-
able reﬂectors were mapped as slide bodies. Volumes and
depths are listed in Table 1.
4.2.3 MTDs on Mergui Ridge (D1–D3)
Estimated volumes of the MTDs identiﬁed in the Mergui
Ridge setting (see Fig. 2 for location of setting and Fig. 3
for location of MTDs) range between 0.9km3 and 14km3
(Table 1). The individual MTDs exhibit very different char-
acteristics in terms of external and internal structures.
MTD D1 consists of displaced sediment blocks with dis-
turbed internal structure (Fig. 9). These blocks are located
near the seaﬂoor at the western edge of Mergui Ridge. The
high amplitude reﬂectors inside these blocks show charac-
teristics similar to those of MR2 sediments. This suggests
that MTD D1 consists of remobilised MR2 sediment. The
partly preserved stratiﬁcation of the blocks implies that de-
formation was probably not strong and the blocks have not
moved very far. As MTD D1 is situated close to the seaﬂoor,
its boundaries are deducible from seaﬂoor morphology. The
possible extent of MTD D1 therefore was deduced from the
bathymetric dataset (Fig. 3).
MTD D2 is found within seismic unit MR1 (Figs. 7 and
9). Compared to the other MTDs, it shows a large maximum
thickness of up to 230m. The body of MTD D2 comprises
blocks ranging from acoustic transparency to some weak in-
ternal sub-parallel layering. Its top is eroded (Figs. 7 and 9)
and its slide toe is deformed (Fig. 9a). A possible rupture
surface is located at the base of MTD D2 (Fig. 9). A steep
depression in the seaﬂoor morphology is located upslope of
the head area of MTD D2 (Fig. 9b). This 75m-deep incision
is characterized by slope angles of up to 13.5◦. The incision
can also be identiﬁed on the bathymetry, where it shows an
amphitheatric shape, typical for a landslide headwall (Fig. 3).
The southern boundary of MTD D2 is not very clearly identi-
ﬁable in the seismic dataset (Fig. 6); the MTD may therefore
actually be larger than mapped.
MTD D3 is situated on the ﬂat top of Mergui Ridge, in-
terbedded in the strata of MR3 (Fig. 4). Due to its internal
chaotic structure, we categorize it as a MTD, although no
headwall or other indicators typical of slide deposits are ob-
served. MTD D3 is traceable over a large part of the working
area (about 580km2). Despite its large areal extent, it has a
maximum thickness of about 60m. MTD D3 comprises the
largest volume of all identiﬁed MTDs (about 14km3). Ero-
sive structures and channel ﬁlls at the top of MTD D3 imply
that its original thickness may have been larger. Moreover, its
eastwardmaximumextentmaynotbecoveredbyourdataset,
which also implies a larger original volume of the deposit.
4.3 Recurrence of failure events
Approximate time intervals between individual slide events
(A1–A4, B1–B5, C1–C5) have been established for the
MTDs in the southern and northern East Andaman Sea set-
tings (see Fig. 3 for locations) following the approach de-
scribed in Sect. 3. For the southern working area (A1–A4)
they range between 940ka and 1.19Ma; for the northern
working area between 220ka and 1.47Ma (B1–B5) and 370
and950ka(C1–C5),respectively(Table2).FortheMTDson
Mergui Ridge (D1–D3), no calculation of recurrence inter-
vals have been established as information on sedimentation
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Fig. 9. Seismic proﬁles showing the edge of Mergui Ridge. The vertical lines indicate positions of faults. The red line marks unconformity
U. (a) Deformed toe of MTD D2 (coloured in light grey). (b) Head area of D2 (coloured in light grey) with a steep scarp at its upper part,
which may represent the modiﬁed head wall (see text for details). The green dotted line indicates the location of a possible rupture surface
of D2. See Figs. 2 and 3 for the location of the proﬁles.
rates was not available. The subsurface depths of the upper-
most MTDs in the northern working area range between 100
and 150m for B1 and between 40 and 120m for C1.
5 Discussion
5.1 General development and inﬂuences on background
sedimentary units
5.1.1 Hemipelagic sedimentation
ThereﬂectorcharacteristicsoftheyoungestseismicunitsHU
and MR3 indicate recent hemipelagic sedimentation in the
working area (Figs. 4–7). Main sedimentary components in
the working area are derived from terrestrial detritus and bio-
genic production (Keller and Richards, 1967; Rodolfo, 1969;
Colin et al., 1999). Regarding sediment type and sedimen-
tation rates, there are differences between the area on top
of Mergui Ridge and the downslope basin area of the East
Andaman Basin. Whereas on top of the ridge, sediments
mainly consist of foraminiferal oozes, silty clays prevail in
the adjacent basin area (Keller and Richards, 1967; Rodolfo,
1969). The outer shelf of the Thai-Malay peninsula is de-
scribedassedimentstarved(Rodolfo,1969;Andreasonetal.,
1997; Panchang et al., 2008). Rodolfo (1969) described relict
foraminifera and relict corals in modern sediments of the
Mergui area, implying that sedimentation rates on the Mer-
gui Ridge are generally low and/or mainly related to biogenic
input (Rodolfo, 1969). Left lateral movement along Ranong
Fault (Fig. 1) is described as the cause for diversion of river
systems towards the Gulf of Thailand and subsequently re-
duced riverine input from the Thai-Malay Peninsula since the
Miocene (Andreason et al., 1997). Recent sediment starva-
tion along the western outer shelf of the Thai-Malay penin-
sulaisexplainedbyRaoetal.(2005)tobeduetothetrapping
of the Ayerawaddy riverine input in the Gulf of Martaban,
and direct transfer into the deeper parts of the Andaman Sea
by submarine canyons. Detritus delivered by via the Malacca
Strait is also deposited only in the deeper parts of the An-
daman Sea (Keller and Richards, 1967). Therefore, input of
terrigenous material is largely restricted to the areas off the
ridge, and sedimentation rates on top of the Mergui Ridge are
low, whereas they are moderately high in the off-ridge part of
the working area (around 10cmka−1, Rodolfo, 1969, Fig. 1).
5.1.2 Sediments of Mergui Ridge
Comparison of our data set with data from the Mergui Basin
(Fig. 1) east of Mergui Ridge (Polachan, 1988) suggests an
approximate age of Lower Miocene for unit MR2, a large
hiatus between units MR2 and MR3 and a Plio-Pleistocene
age of unit MR3. MR1 reveals faulting at the western edge
of Mergui Ridge (Fig. 4). Extensive faulting along the west-
ern ﬂank of Mergui Ridge is explained by several authors
by extension due to basin formation processes all over the
Andaman Sea (Polachan et al., 1991; Curray, 2005; Jha et
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al., 2010; Kishore et al., 2010; Morley et al., 2011). Accord-
ing to Morley et al. (2011), rifted sequences are deposited at
the western ﬂank of Mergui Ridge as a result of this exten-
sion. These late syn-rift deposits west of Mergui Ridge were
probably deposited during formation of the East Andaman
Basin in Late Oligocene/Early Miocene in an open-marine
environment (Jha et al., 2010). As the deposition of MR1
clearly predates the Lower Miocene unit MR2, and its reﬂec-
tor characteristics indicate that the sediments are deposited in
a hemipelagic environment, we speculate that the sediments
of unit MR1 correspond to these synrift sequences and form
an older eroded slope of Late Oligocene/Early Miocene age
deposited in the marine environment that was prevailing in
the area since Early Miocene (Jha et al., 2010). Younger sed-
iments on top of Mergui Ridge (MR2/MR3) are not tectoni-
cally deformed.
5.1.3 Drift deposits in the East Andaman Basin and on
top of the Mergui Ridge
Jha et al. (2011) described a post-rift sedimentary succession
in the region directly west of our working area. They iden-
tiﬁed a lower sequence containing a chaotic seismic facies
interpreted as mass ﬂow complexes, and an upper sequence
characterized by pelagic sedimentation since Late Miocene.
This upper sequence is described to exhibit mass ﬂow de-
posits in places and to be inﬂuenced by contour currents. Jha
et al. (2011) attribute the mass ﬂows within their lower se-
quence to subsidence in the East Andaman Basin caused by
rifting in the Central Andaman Basin since Late Miocene.
The presence of mass ﬂows in their upper unit is attributed to
disturbancesduetomodernsea-ﬂoorspreadingintheCentral
Andaman Basin since Late Plio-Pleistocene. The sedimen-
tary succession in the southern working area (SB1 and SB2,
see Fig. 2 for location) reveals a pattern similar to that de-
scribed by Jha et al. (2011). Seismic unit SB1, situated on top
of the assumed synrift sediments of MR1, reveals largely dis-
turbed sediments, possibly attributable to an older mass ﬂow
complex and correlatable to the mass ﬂow unit described by
Jha et al. (2011).
The unit SB2 comprises distinct low amplitude packages,
separated by high amplitude reﬂectors. Sediment waves are
present (Fig. 4). Rebesco and Stow (2001) described char-
acteristics of elongated plastered drift deposits. Typical fea-
tures are erosive moats at their boundaries and ﬁelds of mi-
grating sediment waves within the deposits. Seismic charac-
teristics of drift deposits comprise uniform low-to medium
amplitude patterns (Nielsen et al., 2008). Moreover, discon-
tinuities within drifts, marked by high amplitude reﬂectors,
are common (Faug` eres et al., 1999). These criteria are met
by seismic unit SB2 and we therefore interpret it as bottom
current controlled sedimentary unit. SB2 may correlate to the
upper,bottomcurrentinﬂuencedunitofJhaetal.(2011).The
approximate age of SB2 would then be Plio-Pleistocene.
H´ ernandez-Molina et al. (2008) give examples of typical
geometries of sediments deposits that develop around obsta-
cles when bottom currents rework sediments. Regarding the
current direction, a characteristic marginal valley may persist
on the stoss side and a depositional tail on the lee side of the
obstacle. Such structures have developed around the carbon-
ate platforms in our working area, reworking sediments of
unit MR3 (Fig. 3). We therefore conclude that bottom cur-
rents may act over a large part of the working area and inﬂu-
ence the sediments on Mergui Ridge as well. In this context,
the rugged morphology at the edge of the ridge may be at-
tributed to erosive processes induced by bottom currents.
The presence of reversal currents in the Andaman Sea
area is explained to be monsoon controlled (Wirtky, 1961).
Such wind driven currents can extend to the bottom and
induce sediment reworking (Hollister and McCave, 1984;
Shanmugan, 2008). Northwest of our working area (Fig. 1b),
a stable, monsoon-induced eddy/gyre is described by Varkey
et al. (1996). Measurements revealed currents speeds of
12ms−1 at 500m and 10ms−1 at 1000m water depth
(Varkey et al., 1996). In addition, internal waves and tides
are able to inﬂuence deep-water bottom currents and their
deposits (Shanmugan, 2008). Large amplitude internal waves
have repeatedly been observed in the working area (Osburne
and Burch, 1980; Nielsen et al., 2004b; Vlasenko and Alpers,
2005). They can affect the water column in the working area
as deep as several hundred meters below the surface (Os-
burne and Burch, 1980; Nielsen et al., 2004b). Vlasenko and
Alpers (2005) report in depths of up to 241m interaction of
internal waves with the Dreadnought Bank (see Fig. 1b for
location). Such internal waves may be able to rework sedi-
ment (Pomar et al., 2012).
Although we do not have direct information on bottom
currents, we suggest that the two processes described above
may induce or inﬂuence bottom currents in our working area
in the East Andaman Basin. Therefore, we interpret the char-
acter of units SB2 and HU in the southern working area and
unit MR3 on top of Mergui Ridge as formed by reworking
and deposition of currents.
5.1.4 Tectonically deformed sediments in the
East Andaman Basin
The EAFZ is a strike slip fault zone west of the Mergui
Ridge (Polachan et al., 1988; Polachan and Racey, 1994;
Morley et al., 2011). Polachan (1988) reported branches of
the EAFZ cutting through our working area (Fig. 3). Recent
fault reactivation has been reported from the Mergui Fault
north of the working area (Morley et al., 2011). Jintaseara-
nee et al. (2012) interpreted steep NNE–SSW striking scarps
in the bathymetry of our working as fault traces exposed at
the sea ﬂoor. These observations let us infer that tectonic de-
formation in the working area is ongoing. The East Andaman
Basin sediments in the northern working area (see Fig. 2 for
location), especially the older deposits of seismic unit NB,
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exhibit features of tectonic movement, such as the presence
of numerous faults. Although the youngest basin unit HU
exhibits an overall undisturbed character, a few faults cut
through this unit in the northern working area (Figs. 7b and
8c). This pattern is in agreement with the description of re-
cent deformation due to activity of fault zones near the work-
ing area, such as EAFZ and Mergui Fault.
5.2 Causes for slope instability
Causes for slope failures are manifold and may include
(i) sedimentary processes, such as sedimentation at very high
rates and resulting excess pore pressures, margin oversteep-
ening, and the deposition/formation of weak layers; (ii) the
presence of ﬂuids and resulting overpressure; (iii) tectonic
processes, such as fault activity and tectonic steepening; and
(iv) cyclic loading by earthquakes (Hampton et al., 1996;
Canals et al., 2004; Masson et al., 2006; Yamada et al., 2012
and references therein). The factors relevant for the survey
area are discussed below.
5.2.1 Inﬂuence of sedimentation on slope stability
Slope channels can act as a sediment conduit from the shelf
to the deep sea (Stow and Mayall, 2000). Erosion and over-
steepening may also cause slope failure within canyons (Ar-
zola et al., 2008). In our data, channels are mainly evident
from the northern area and only directly at the edge of the
Mergui Ridge (Figs. 3, 6 and 7). As sedimentation rates are
low in the Mergui Ridge area and erosion takes place on the
edge of Mergui Ridge (see above), we hypothesize that input
of sediments by slope channels into the East Andaman basin
mayresultfromerosionofoldersediments(MR1).Thechan-
nels, however, seem to be restricted to the edge of the ridge,
and no continuation of them has been detected in the basin
sediments further downslope. Hence, we consider their inﬂu-
ence on basin sedimentation and slope stability as small, but
betterdatacoverageofthebasinwouldbeneededtobeconﬁ-
dent about the distribution of canyons and their inﬂuences on
slope stability. As sediment transport from the Mergui Ridge
into the East Andaman Basin seems to be of minor impor-
tance and mainly results from erosion of older Mergui Ridge
sediments, rapid sediment load and associated oversteepen-
ing and/or development of overpressure may play a role only
in the deeper parts of the working area, basinward below the
edge of Mergui Ridge (MTDs A1–C5). For the destabiliza-
tion of sediments on top of Mergui Ridge (MTDs D1–D3)
other preconditioning factors must be more important.
5.2.2 Tectonic inﬂuence: subsidence and fault
controlled failures
Tilting of the slope due to subsidence of a margin can act as a
preconditioning factor for slope failure (Masson et al., 2010).
The Mergui Ridge has undergone subsidence since the on-
set of rifting in the Central Andaman Basin in Late Miocene
(Kamesh Raju, 2005) due to dextral movement along EAFZ
in Late Miocene (Jha et al., 2010) and/or due to thermal con-
traction (Morley et al., 2011). Jha et al. (2010) described
large scale subsidence as a cause for the formation of mass
ﬂows west of our working area. These deposits may be cor-
relatable to our seismic unit SB1 (see above). Recent subsi-
dence rates from the shelf area of the Malacca Strait are in
the range of 0.25mma−1 (Lin et al. (2010). This value is rel-
atively small compared to areas with recent extension, for ex-
ample the Corinth Basin with a subsidence rate of 1mma−1
(Lykousis et al., 2007). In addition, subsidence rates tend to
decrease after termination of rifting (Prosser, 1993). There-
fore,subsidence andsteepeningmay stillplay arole forslope
stability but its inﬂuence became probably smaller since the
onset of rifting that created the large mass ﬂows described by
Jha et al. (2010).
The presence of faults has been suggested to act as con-
trolling or preconditioning factor for slope failures (Dillon,
1993; Hampton, 1996; Anasetti et al., 2012). Except for the
top unit HU, large parts of the basin ﬁll sediments in the
northern working area (unit NB, see Fig. 2 for location) are
tectonically deformed. The MTDs C1–C5 and B1–B5 are lo-
cated in this environment and we consider fault activity as
one of the main reasons for slope failures in our working
area. Episodic slope failure due to episodic fault activity has
been described by Reicherter et al. (2011) to result in slide
deposits interbedded in well stratiﬁed layers. A similar pat-
tern can be observed for the MTDs in the northern work-
ing area (B1–B5 and C1–C5) (Figs. 6 and 7). Moreover, the
MTDsB1–B5seemtooccurinstratigraphicdepthssimilarto
those of C1–C5. This would imply laterally contemporane-
ous failures in the northern working area. We therefore sug-
gest that episodic fault activity was important for weakening
the sediments along the slope.
Tectonic deformation may also play a role in development
of MTDs on top of/at the edge of the Mergui Ridge (D1–
D3), where sedimentation rates are low and oversteepening
probably is not a preconditioning factor for slope failure.
Surﬁcial MTD D1 and buried MTD D2 are both located at
the edge of the Mergui Ridge. Tectonic deformation of the
top parts of unit MR1 may have caused the development of
unstable blocks that were subsequently dislocated. Internal
structures of these blocks are still preserved; therefore, run
out distances of blocks seem to be small.
In conclusion, weakening of the sediments due to tectonic
activity is considered as a main pre-conditioning factor for
slope failure, especially at the basin-ridge transition.
5.2.3 Instable drift deposits
Drift deposits are present in the southern working area (see
Fig. 2 for location). Laberg and Camerlenghi (2008) show an
interrelation between contourite features and slope instabil-
ities: Drifts generally tend to be prone to liquefaction dur-
ing seismic loading due to good sorting of their particles and
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resulting high porosity. High sedimentation rates in drift de-
posits may result in rapid loading and development of ex-
cess pore pressure. The development of excess pore pres-
sure is further facilitated by gas migration, fueled by high
organic matter input from productive water masses along
continental margins. (Laberg and Camerlenghi, 2008). All
these factors increase the susceptibility of drift sediments
for failure (Laberg and Camerlenghi, 2008). Migrating ﬂu-
ids can especially cause build-up of excess pore pressure
in upper sediment layers, a process which is well known
to be capable for destabilizing slope sediments (Vorren et
al., 1998; Stigall and Dugan, 2010). Sediments that build
drift deposits in the southern working area contain terrige-
nous material from the Ayeyawady River and/or the Malacca
Strait, whereas sediment input from the Mergui Ridge seems
unlikely (see above). Off the ridge, sedimentation rates are
high(10cmka−1,Rodolfo,1969).Anunusuallyhighcontent
of terrestrial organic carbon has been reported for these sed-
iments (Keller and Richards, 1967; Colin et al., 1999; Bird
et al., 2008; Ramaswamy et al., 2008,), which may be favor-
able of formation of gas within the drift deposits. Jintasaera-
nee et al. (2012) reported gas-charged sediment at the Mer-
gui Ridge slope area from subbottom proﬁler data (Fig. 3).
Several possible gas migration pathways are imaged on our
seismic data as vertical zones of acoustic transparency (see
Fig. 8). A possible bottom simulating reﬂector (BSR) was
identiﬁed in the southern working area (Fig. 4c). Therefore,
we consider that build-up of excess pore-pressure due to mi-
grating ﬂuids and instability of drift deposits was an im-
portant pre-conditioning factor for the failure events in the
southern working area (MTDs A1–A4).
5.2.4 Final trigger mechanism
An important factor for the formation and recurrence of sub-
marine landslides is the presence of a ﬁnal trigger leading
to the failure of potentially unstable sediments (e.g. Masson
et al., 2006). Seismic activity is common along the Sunda
trench and also within the Andaman Sea (Lay et al., 2005;
Ornthammarath et al., 2011; Khan, 2012; NGDC, Global
Signiﬁcant Earthquake Database, 2012). Neotectonic activ-
ities have been reported from many structures in the An-
daman Sea, such as the modern spreading centre (Kamesh
Raju et al., 2004), the Sagaing Fault (Wang et al., 2011), the
Andaman Arc (Radhakrishna et al., 2008), or the West An-
daman Fault (Kamesh Raju et al., 2007). Ongoing tectonic
activity is also documented in our data as faults reaching the
surface. Therefore, earthquakes are likely ﬁnal triggers for
slope failures.
In summary, several concurring factors have contributed
to past slope failures. We consider migrating ﬂuids, instabil-
ity of drift sediments and tectonic activity as most important
preconditioning factors. Regular earthquakes may act as ﬁnal
trigger for slope failure.
5.3 Recurrence of mass transport deposits
In the East Andaman Basin, several MTDs were detected
at different stratigraphic depths at the basin-ridge transition.
The stacking of MTDs in the East Andaman Basin sediments
implies recurrent slide events. The ages and hence the recur-
rence rates for the slides in the working area are difﬁcult to
estimate. No age data are published; hence, direct age de-
terminations are not possible. The thickness of undisturbed
sediments between individual slide events can be used to es-
timate the recurrence rates of landslides if accumulation rates
are known. However, information onaccumulation ratesin or
close to the working area are sparse. The most reliable value
is given by Rodolfo (1969), who suggested an average sedi-
mentation rate of 10cmka−1 for the basin sediments west of
Mergui Ridge. Using this accumulation rate and the mapped
sediment thickness between individual slide deposits, calcu-
lations of recurrence rates result in values around 100ka. We
would like to point out that the estimates for landslide re-
currence intervals contain very large error bars. This simple
calculation, however, shows that recurrence rates are several
10000 to 100000yr and not 100 to 1000yr.
The values are similar for the different settings of the
basin sediments. Only one slide in the basin area (MTD A1)
is found close to or at the seaﬂoor, while all other slides
are deeply buried. However, the presence of several MTDs
throughout the working area lets us deduce that landslides
occurred repeatedly and that the slope area has been gener-
ally unstable and prone to failure.
5.4 Estimation of tsunamigenic potential and indicators
for failure susceptibility
5.4.1 Past failures and likelihood of tsunamis
Important criteria that control the tsunamigenic potential of a
landslide are volume, stiffness/cohesiveness of the slide ma-
terial, water depth, and initial acceleration of the landslide
(Løvholt et al., 2005; Haugen et al., 2005; Grilli and Watts,
2005; Ward, 2001; Greene et al., 2006). We have no knowl-
edge on the initial acceleration and only sparse information
on sediment properties, but we can analyse water depths and
volumes of the identiﬁed MTDs leading to a qualitative as-
sessment of the likelihood of tsunami generation in the past.
Generally, the critical water depth for tsunami generation
is given as maximum 1000m, while the minimum volume
sufﬁcient to create a tsunami from a submarine landslide is
∼ 2km3 (Greene et al., 2006). We would like to point out
these values can only be used as guidelines; large landslides
in water depths deeper than 1000m (Tappin et al., 2001) and
small landslides (< 2km3) in very shallow water (Rahiman
et al., 2007) have triggered tsunamis in the past.
The volumes of the MTDs detected in our working area
(0.3–14km3, Table 1) are small compared to giant landslides
on active and passive margins, which may reach volumes
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of several hundreds of cubic kilometers (H¨ uhnerbach et al.,
2004; Geersen et al., 2011; Krastel et al., 2012).
In the southern working area (see Fig. 2 for location), only
one MTD (A4) comprises a volume > 2km3 (Table 1), while
theothersarelessthan2km3.Thepresenceofdiscontinuities
within background unit SB2 indicates erosive events. Such
erosive events are common in drift deposits, due to short term
changes of boundary conditions (Faug` eres et al., 1999). This
implies that MTDs identiﬁed within SB2 may originally have
been larger.
All MTDs in the southern area are located at water depths
deeper than 1000m. Subsidence in the working area is ongo-
ing, but rates have been moderate since cessation of rifting,
and therefore the water depth at the time of failure was most
likely below 1000m.
The situation is different for superﬁcial MTD A1. Its
source area (see depth of evacuated area IN, Fig. 5) is lo-
cated at water depths around 1000m. The mapped volume of
MTD A1 is smaller than 2km3 (Table 1). However, the true
extent of this MTD is not known and might be larger than
2km3. Therefore, MTD A1 may fall in the range of tsunami-
genic landslides. In the northern working area, four slide de-
posits with volumes greater than 2km3 were found, but none
of these MTDs shows a volume of more than 3.5km3 (MTDs
B3, B4, C2 and C3, Table 1). As all of these slides are sit-
uated in water depths signiﬁcantly deeper than 1000m, it
seems unlikely that the relatively small MTDs B3, B4, C2
or C3 triggered a tsunami.
On top of Mergui Ridge all detected MTDs (D1, D2 and
D3) are located above/near 1000m water depth, and MTD
D2 and MTD D3 comprise volumes > 2km3, whereas MTD
D1 which is located near the surface, has a volume below
2km3 and therefore it has probably not been a tsunamigenic
landslide.
MTD D2 comprises a volume of 4km3. Its toe region is
deformed. Similar structures have been described by Frey-
Martinez et al. (2006) to occur near the frontal ramp of slides
that do not leave the scarp area and are frontally conﬁned.
A horseshoe incision is located on the landward side of this
deposit (Fig. 3b). In contrast to most landslide scarps, this
feature is more similar to an incision than a morphological
step (Fig. 9b). The landward ﬂank of the incision, however,
is signiﬁcantly higher than the seaward side. Such shapes
of landslide scarps are reported from other areas. Krastel et
al. (2011) suggest that such scarps were modiﬁed by post-
failure processes, especially strong bottom currents. This
seems plausible, as bottom currents are acting in the working
area. Hence, we interpret the incision as headwall of MTD
D2. This headwall is the location of slide initiation and lo-
cated at around 830m water depth. Therefore, D2 potentially
falls in the range of tsunamigenic slides.
MTD D3 shows the largest (mapped) volume of the slides
detected in our working area (14km3, Table 1). MTD D3 has
a somewhat outstanding position among the MTDs on Mer-
gui Ridge. It is located within the tectonically undisturbed
bottom current inﬂuenced unit MR3. A possible source area
is not evident from our dataset. Although the conditions for
slide initiation and evolution cannot be reconstructed, we can
infer that this slide deﬁnitely falls in the range of tsunami-
genic landslides.
5.4.2 Possible locations of future slope failures and their
tsunamigenic potential
Three locations of possible future slope failures were iden-
tiﬁed in our data set. Slightly south of the location of MTD
D2 (see Fig. 3 for location), faults cut through the seaﬂoor
(Fig. 8a). As fault reactivation and deformation in the re-
gion seems plausible, these deformed back rotated blocks
may fail in the future. Moreover, a slumped block is lo-
cated basinward of this deformed area, which may indicate,
that some disintegration and failure already occurred. Mas-
son et al. (2006) suggest that thick slide blocks with a steep
headwall (rotational slides) might be particularly effective in
tsunami generation even without large displacements. There-
fore, future slope failures at this location in relatively shallow
water depths between 700m and 1100m may deﬁnitively be
tsunamigenic. Regarding MTD D3 that is also located on
Mergui Ridge, we cannot reconstruct initiation or evolution
of this MTD, as outlined above. However, we can infer that
a potential future failure of the same dimensions at the same
water depths of about 500–700m deﬁnitely falls in the range
of tsunamigenic landslides.
An area in water depths near 1000m close to MTD A1
in the southern working area may be prone to future fail-
ures (Fig. 8b). Widespread sediment waves in combination
with small scale faulting and indications for ﬂuid migra-
tion pathways suggest a potentially unstable slope. Jintasaer-
anee et al. (2012) described numerous small scale failures
in this area. Therefore, we conclude that future failures in
this area are likely. A failure of signiﬁcant volume of this
part of the slope may be tsunamigenic. However, the area
comprises large structural complexity and ongoing tectonic
activity. Slope failures from areas with regular seismic activ-
ities are expected to be small in size, due to frequent triggers
in the form of earthquakes, subsequently, not leaving sufﬁ-
cient time to accumulate large amounts of material for vo-
luminous slides (V¨ olker et al., 2009). Therefore, we would
rather expect several small failures of individual sediment
packages instead of voluminous failures. Hence, we consider
the tsunami hazard emerging from this area as low.
Figure 8c shows an enlargement of the topmost sediment
layers of proﬁle MASS 23 in the northern working area. A
listric fault cuts and dislocates parts of the superﬁcial sedi-
ment of unit HU. This fault may be interpreted as possible
future failure surface. Downslope of the surface expression
ofthefault,thesedimentisdeformedanddestabilizationmay
be indicated by the wavy deformation patterns visible on the
seismic data. Migrating ﬂuids may further contribute to fu-
ture slope instability. However, within the northern working
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area, all MTDs as well as the area of potential future slope
failure are situated well below 1000m water depth. Conse-
quently, future slides in the northern part of the East An-
daman Basin area may occur but probably do not pose a
tsunami hazard.
In summary, the same settings that induced slope failures
in the past may also lead to slope failure in the future, but
only a few slides show volume and depth values typical for
tsunamigenic slides. However, it has to be taken into account
that our volume estimations are minimum values, as the lat-
eral boundaries of the MTDs in most cases are not covered
by the seismic dataset. Moreover, we cannot exclude a corre-
lation between the stacked MTDs (B1–B5 and C1–C5) in the
northern working area, as the settings where they occur show
great similarity regarding characteristics, amount and archi-
tecture of the MTDs. This implies that more slides than out-
lined above may have triggered tsunamis in the past. How-
ever, even then their number would be small as suggested by
the time intervals between the slides.
5.5 Recurrence of landslide tsunamis compared to
earthquake tsunamis in the Andaman Sea
The Mergui Ridge–East Andaman Basin transition seems to
be unstable and slides seem to occur repeatedly. Most of the
identiﬁed slides are relatively small (∼ 2km3) and occur at
relatively large water depths (> 1000m); hence, it is unlikely
that these slides triggered signiﬁcant tsunamis. Though nu-
merous slides were found throughout the working area, their
recurrence rate is deﬁnitely very long, exceeding 100ka.
The recurrence rates of major tsunamigenic earthquakes
occurring in the Sumatra–Andaman area, which triggered
tsunamis also affecting the coast off Thailand, were esti-
mated by Monecke et al. (2008). These authors analysed a
1000-yr sediment record off Northern Sumatra. They iden-
tiﬁed two older extensive sand sheets with similar sedi-
ment characteristics as the sand sheet deposited by the 2004
tsunami and concluded that the 2004 Indian Ocean tsunami
is separated from its youngest full predecessor by ∼ 600yr.
Similar values for major tsunamis are reported by Jankaew et
al. (2008) for the Andaman Sea coast in Thailand suggesting
recurrence rates of major earthquake tsunamis in the range
of 400–600yr for the Thai coast. Our estimations of time in-
tervals between individual MTDs suggest that they are in the
hundred ka to Ma range and only four potential tsunamigenic
landslides were identiﬁed in the sedimentary record. Hence,
the risk of submarine landslide tsunamis is negligible com-
pared to earthquake-generated tsunamis. Landslide-triggered
tsunamis, however, would hit the coast with almost no warn-
ing time.
6 Conclusions
We investigated the top and the western slope of Mergui
Ridge and the Andaman Basin and found that older back-
ground sediments in the working area show clear indica-
tions for tectonic deformation and rifting processes, leading
to extension and faulting. Younger sediments in the East An-
daman Basin and on top of Mergui Ridge are mainly shaped
by bottom currents.
Special attention was drawn to the occurrence of MTDs
and the related tsunami hazard. Several MTDs as well as po-
tential future slope failure locations were identiﬁed within
sediments of the Mergui Ridge and East Andaman Basin.
Generally, the slope area seems to be unstable and landslides
occurrepeatedly,mainlybecauseofoccurrenceofpotentially
unstable drift sediments, the presence of ﬂuids, and ongo-
ing tectonic activity that produces deformation and generates
earthquakes that are most likely the ﬁnal trigger for the desta-
bilization of the sediments.
Tsunami generation in the past by most of these slope
failures is unlikely due to their relatively small size and
their occurrence at large water depths. Recurrence rate of
(tsunamigenic) landslides is small compared to the frequency
of tsunamigenic earthquakes in the area. Hence, we consider
the risk of landslide-generated tsunamis for the Thai west
coast as very low. Triggering of tsunamis by submarine land-
slides, however, cannot be excluded, especially for slope in-
stabilities at the edge of or on top of Mergui Ridge, and such
a tsunami would hit the Thai coast almost without warning
time.
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